Epidemiologic studies have suggested that diabetes mellitus (DM) might be associated with risk of ovarian cancer; however, the results have been inconsistent. The aim of this study was to determine the relationship between DM and the incidence of ovarian cancer on the basis of cohort studies.
Introduction
Ovarian cancer is the 5th leading cause of death among malignancies and accounting for approximately 240,000 cases and 150,000 deaths in 2012 worldwide. [1] Nearly 2/3 of cases are diagnosed in its advanced stages or unstaged and just 30% for 5-year survival rate for these patients. [2, 3] The survival rates are poor, owing to the lack of effective screening strategies. [4] This emphasizes the need to focus on identifying risk factors, in order to reduce the risk of ovarian cancer. The associations among dietary flavonoids, flavonoid subclasses, bilateral salpingectomy, depression and anxiety, dietary fat and fatty acid, overweight, or obesity and the incidence of ovarian cancer have been evaluated in previous meta-analyses. [5] [6] [7] [8] [9] However, several other factors associations with the risk of ovarian cancer are not precisely understood and remain controversial. Diabetes mellitus (DM) is a growing global pandemic affecting approximately 3.0% to 4.0% of adults worldwide. [10] Systematic reviews and meta-analyses have already evaluated the risk of cancer incidence at different sites. [11] [12] [13] [14] [15] A previous study indicated that women with DM have a moderately increased risk of developing ovarian cancer. [16] However, traditional case-control studies were included in the previous study, which are less strong than cohort studies, and the findings of stratified analyses were affected by differences in study design. Furthermore, whether this relation differs according to the characteristics of participants remains unclear.
Several prospective cohort studies that explored the relationship between DM and ovarian cancer risk have already been published. [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] Several studies suggested that DM is associated with an elevated risk of ovarian cancer, [19, 28] whereas other studies showed no evidence for this association. [17, 18, [20] [21] [22] [23] [24] [25] [26] [27] 29] Clarifying any potential correlation between DM and ovarian cancer, which has not been definitively established, is particularly important in the general population. We therefore attempted a comprehensive examination of the available cohort studies to determine the association between DM and the incidence of ovarian cancer.
this review. The included articles were restricted to those published in English; however, there was no restriction on publication status (published, in press, or in progress). Electronic databases including PubMed, Embase, and the Cochrane Library were systematically searched by using the combination of the search terms (diabetes or DM or glucose) and (cancer, carcinoma, neoplasm, and tumor) and ovarian, with the deadline being September 2016. To identify unpublished studies or collect updated information in some of the included studies that could provide useful data, we contacted the authors, reviewed abstracts and presentations of recent major meetings, and searched for ongoing studies that were registered as completed but not yet published. Manual searches of reference lists from all the relevant articles were conducted to identify additional potential eligible studies. All analyses were based on previous published studies, thus no ethical approval and patient consent are required.
After the literature search, the selected studies were independently reviewed by 2 of the authors, and a group discussion settled any inconsistencies until a consensus was reached. A study was eligible for inclusion if the following criteria were met: the study had a prospective cohort design; the study investigated the association between DM and the risk of ovarian cancer; and the study reported an effect estimate (risk ratio [RR], hazard ratio, or odds ratio) and 95% confidence intervals (CIs) for comparisons of DM and non-DM participants. We excluded all retrospective case-control studies owing to various confounding factors that could bias the results. We included the latest outcomes if there were cases of overlapping reports.
Data extraction and quality assessment
The data extraction and quality assessment processes were conducted independently by 2 of the authors. Any discrepancy was resolved through a discussion or by consulting the corresponding author. Information was extracted from the included studies and recorded in electronic Excel sheets. Data were extracted on the basis of the first author, publication year, country, sample size, mean age at baseline, body mass index (BMI), number of ovarian cancer cases, follow-up duration, and adjusted factors. For studies that reported several multivariable adjusted effect estimates, we selected the maximally adjusted estimates for potential confounders. The quality of the included studies was appraised by using the Newcastle-Ottawa scale (NOS). [31] This scale was categorized into 3 groups of items: selection (representativeness of the exposed cohort; selection of the nonexposed cohort; ascertainment of DM; demonstration that ovarian cancer was not present at start of study; 4 points), comparability (comparability on the basis of the design or analysis; 2 points), and outcome (assessment of outcome; adequate follow-up duration; adequate follow-up rate; 3 points), with a total of 9 points. In this review, studies with a total of score of 8 or 9 were considered to be of high quality.
Statistical analysis
We examined the relationship between DM and the risk of ovarian cancer on the basis of the effect estimate (RR, hazard ratio, or odds ratio) and its 95% CI published in each study. The random effects model was used for data pooling of DM versus non-DM participants. [32] The heterogeneity was tested by using the Q statistics and I 2 test. I 2 values of <25%, 25% to 50%, 50% to 75%, and >75% were considered to indicate no, low, moderate, and high heterogeneity, respectively. P < .05 or I 2 > 50% was deemed to denote a significant heterogeneity. [33, 34] Subgroup analyses were conducted for ovarian cancer incidence on the basis of publication year, country, mean age, follow-up duration, adjusted BMI, adjusted smoking status, and study quality. The P values for heterogeneity between subgroups were calculated by using the x 2 test. [35] Sensitivity analysis was conducted by removing a single study from the overall analysis to evaluate the impact of an individual study. [36] Visual inspections of funnel plots for ovarian cancer were conducted. The Egger [37] and Begg [38] tests were employed to statistically assess publication bias for ovarian cancer. All reported P values were 2-sided, and P values < .05 were considered statistically significant for all included studies. Statistical analyses were performed by using STATA software (version 10.0; Stata Corporation, College Station, TX).
Results
Among the 2042 studies that were identified through searching PubMed, Embase, and the Cochrane library, 1984 duplicates (n = 1152) and irrelevant (n = 832) records were first excluded. Fifty-eight full-text studies were assessed for eligibility. Furthermore, 9 studies with a case-control design, 13 studies showing insufficient data, and 23 epidemiology studies on other risk factors were excluded. Finally, 13 studies including 14 cohorts were included for qualitative synthesis. The selection process is presented in Fig. 1 . Table 1 summarizes the general characteristics of the included studies. Of the 13 included studies, 5 were conducted in Europe, [17, [20] [21] [22] 27] 2 were conducted in the United States or Canada, [18, 24] and the remaining 6 were conducted in Asia. [19, 23, 25, 26, 28, 29] The number of participants ranged from 11,686 to 1,152,122, with a total of 3,708,313 women. The mean age of participants ranged from 44.0 to 62.6 years, and the follow-up duration ranged from 3.5 to 15.0 years. The NOS score of the included studies ranged from 6 to 8, with 5 studies being of high quality and the remaining 8 studies being of low (Table 1) . Overall, 5 studies had a score of 8, 6 studies had a score of 7, and the remaining 2 studies had a score of 6. All of the included studies reported the relationship between DM and ovarian cancer incidence. The summary result is shown in Fig. 2 , and we noted that women with DM had a higher risk of developing ovarian cancer when compared with non-DM participants (RR: 1.19; 95% CI: 1.06-1.34; P = .004; Fig. 2) , and a significant heterogeneity was observed (I 2 = 43.8%; P = .040). As a result, a sensitivity analysis was conducted, and after each study was sequentially excluded from the pooled analysis, the conclusion was not affected by the exclusion of any specific study (Table 2) .
Q-test for the analysis showed a value of P < .05 for ovarian cancer. Therefore, we conducted subgroup analyses to minimize the heterogeneity among the included studies and evaluate this relationship in specific subsets (Table 3) . Overall, we noted that women with DM had an elevated risk of ovarian cancer in studies published after 2010 (RR: 1.18; 95% CI: 1.04-1.34; P = .010), studies not conducted in Europe or the United States (RR: 1.26; 95% CI: 1.06-1.50; P = .008), studies that did not adjust for BMI (RR: 1.15; 95% CI: 1.04-1.27; P = .007) or smoking status (RR: 1.20; 95% CI: 1.05-1.35; P = .005), and studies with lower NOS scores (RR: 1.22; 95% CI: 1.07-1.38; P = .003). No other significant difference was observed between the presence and absence of DM for ovarian cancer based on predefined factors.
A review of the funnel plots could not rule out the potential for publication bias for ovarian cancer (Fig. 3) . The Egger and Begg test results showed no evidence of publication bias (P value for Egger = .378; P value for Begg = .381).
Discussion
The purpose of the present meta-analysis was to determine the correlates of DM and the incidence of ovarian cancer. Thirteen cohort studies that included 3,708,313 women were identified. The results showed that DM is associated with an increased risk of ovarian cancer. The findings of sensitivity analysis were consistent with the overall analysis. This result will help in better defining the risk factors of ovarian cancer, and could help physicians in evaluating the risk score of the general population.
The impact factor for the incidence of ovarian cancer has already been reported in previous meta-analyses. Hua et al [5] reported that consumption of dietary flavonoids and their subtypes (isoflavones, flavonols) has a protective effect against ovarian cancer (reduces the risk of ovarian cancer); however, flavone consumption had no such effect. Yoon et al [6] found that removal of the fallopian tubes is an effective approach to protect against ovarian cancer risk in the general population. Liu et al [9] indicated that a high body weight might have a harmful impact on the risk of ovarian cancer, especially for premenopausal women with severe obesity. However, the impact of other chronic diseases such as DM was not confirmed. Few prospective cohort studies have confirmed the relationship between DM and ovarian cancer. Chodick et al [19] conducted a retrospective cohort study and found that DM increased the ovarian cancer risk by 139% after an average of 8 years follow-up. Dankner et al [28] indicated that DM posed an increased risk of ovarian cancer, with the RRs being particularly elevated during the first year after the diabetes diagnosis; however, their study had a shorter follow-up duration of between 1 and 2 years. These 2 cohort studies were specifically conducted in Israel. The increased risk of ovarian cancer could be due to perturbations in insulin, insulin-like growth factors, gonadotropin, and steroid hormone metabolism, which could affect cell proliferation. [39, 40] Furthermore, DM might play an important role in endometrioid cell histologic subtypes.
The subgroup analyses suggested that DM had a harmful impact on ovarian cancer in studies not conducted in Europe or the United States. The reason for this could be that the prevalence of DM was higher in Asia, and the diagnosis of DM took a longer time than in Western countries. In studies that did not adjust for BMI or smoking status, a significant difference was found between the presence and absence of DM for ovarian cancer, which might have biased the true correlates of DM and ovarian cancer. Progesterone and leptin may be potential endocrine mediators of the risk of ovarian cancer, and obesity was associated with the levels of insulin, androgens, and free insulinlike growth factor-I, which play an important role in the risk of ovarian cancer. [40, 41] Furthermore, Faber et al [42] suggested that current smokers had an increased risk of developing invasive mucinous and borderline mucinous ovarian tumors, and former smokers also have an increased risk of developing borderline serous ovarian tumors. In addition, we noted DM was associated with higher incidence of ovarian cancer if the study published after 2010. The reason for this could be mostly included studies published after 2010 (9/13). The relationship between DM and ovarian cancer in study published before 2010 was available in Figure 2 . Association between diabetes mellitus and the risk of ovarian cancer. CI = confidence interval, RR = risk ratio. few studies, and the follow-up, number of participants were lower than study published after 2010, which always acquired broad CIs, that is, no statistically significant difference. In this study, we intended to conduct a stratified analysis based on these factors; however, data in each subset were not available. In addition, for several other subpopulations, the findings might be unstable owing to the smaller number of included studies. We therefore provided relative results and a synthetic review. The present meta-analysis has some limitations. First, a language bias may exist in the selection of studies published only in English. Second, the types of DM and ovarian cancer were not available, which could have introduced confounder biases. Third, the heterogeneity among included studies was relatively high, and the heterogeneity in subgroup analysis was also higher. Fourth, the relationship between DM and ovarian cancer in specific subpopulations was not available. Finally, the adjusted models, which might play an important role in the development of ovarian cancer, differed among the included studies.
Conclusions
The present meta-analysis demonstrated that women with DM had an increased risk of developing ovarian cancer, especially among Asians. To lower the risk of ovarian cancer, any potential risk factors need to be investigated, in order to allow early diagnosis and treatment. Additional epidemiologic studies about this relationship in specific populations need to be further conducted. 
